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Abstract 
This paper present simulation result on Mimosa Pudica main pulvinus towards exploration of potential of Mimosa Pudica plant 
as new biological sensing mechanism in tactile sensor and actuator. Previous study revealed that the movement of Mimosa 
Pudica leaf is due to the change of pressure between the upper and lower motor organ of main pulvinus.  It symbolizes the unique
examples in nature where engineering and botanical field can work together. From an engineering view, the turgidity changes 
capable of reversible shape changes, thus bringing the idea of sensing and actuating concept of a new tactile sensor. The idea is to 
fusion the artificial cell of Mimosa Pudica as the sensing mechanism for the new bio-inspired sensor. In this study, the movement
of the main pulvinus has been modeled using Finite Element Method and the stress of three different diameter size has been 
obtained. The results show that different diameter size of the main pulvinus give almost the same impact on the stress obtains on
the structure. In term of stress distribution, the diameter of main pulvinus is not a crucial part on this plant movement mechanism. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of organizing committee of the 2015 IEEE International Symposium on Robotics and Intelligent 
Sensors (IRIS 2015). 
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Introduction 
Mimosa Pudica is a known unique plant that responses to certain stimuli such as touch photolight, wind and 
vibration. It is the most intriguing phenomenon in the world of plant, which the leaves will be closed and the lower 
part of the leaves will be bend due to such stimulation. Mimosa Pudica plant is native from southern Mexico to 
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middle South America and the Carribean. The plant has been spread in Asia prior to 1800. Although it has been a 
tropical American origin, it has spread throughout the whole world’s tropical region. The word Mimosa Pudica 
derived from mimic that is to allude while pudica comes from Latin, means bashful, retiring or shrinking1.
The physical movements of Mimosa Pudica are very interesting in the world of botanical and mechanical 
engineering. The Industrial Revolution explosion in 17th century has turn to a new chapter in manufacturing process. 
It also brings the initiative of mimicking nature’s mechanism into the world of engineering. One clear example is the 
flying movement by bird which leads to the dreams to fly. This feature inspires the manufacture of an aeroplane.
Equipment for swimming also imitates the leg form of underwater living thing. A researcher from California 
Institute of Technology has tabulate the fields of biology and an analogy in the fields of engineering2.
This project proposes a fundamental investigation of biological sensing and actuation mechanism using a 
Mimosa Pudica movement principle. The plant unique biological cell mechanism has great potential to be explored 
as biological sensor and actuator which may lead to next generation biomechatronics system. From previous 
research3, it is discovered that the main pulvinus changes its shape and has shown the possibility of the new type of 
artificial cell that has a hydroelastic characteristic to be explored as the new bio-inspired tactile sensor for the future 
engineering field. 
Early study conducted by Kagawa and Saito4 have investigated the mechanism of the main pulvinus movement 
of Mimosa Pudica by measuring in detail the torque generated during the deflection of the pulvinus. After a petiole 
was attached to a load cell to measure the deflecting torque, a thermal stimulation was given by ice. They found that 
the torque reaches a maximum peak at a very early range and gradually decrease with time. It is also imply that the 
maximum value and the decreasing rate depend not on illumination and time but on the diameter of the pulvinus. 
This study has become an important milestone towards clarifying the biomechanism of Mimosa Pudica. In order to 
clarify the characteristics of main pulvinus based previous results in our study, and also to clarify the theory 
proposed by Kagawa and Saito, we have conducted a simulation using FEM software to investigate the relationship 
between the main pulvinus diameters against stress obtained on the structure. 
2. The Biological Structures of Mimosa Pudica Plant 
When given stimulation, the leaf of Mimosa Pudica will be closed and the lower part of the leaves, called 
petiole will be bending. Figure 1 shows Mimosa Pudica plant structure. Leaf of Mimosa Pudica consists of an array 
of pinnules, the smallest leaflets that identified as pinnae. In a long slender branch called petiole, there will be three 
or more pinnae that attached together with sub pulvinus. Pulvinule is located at the end of each pinnule while 
subpulvinus positioned at the end of the pinnaes. Pulvinus however located at the end of the petiole, a joint-like 
bulging structure that connects the petiole with the main stem. It can bend in all directions indicating that the 
pulvinus can move the petiole omnidirectionally5. The three of them are in charge for the movement of the leaf and 
petiole, but since the size of main pulvinus is larger than the other two, it is easier to conduct laboratory 
experiments.  
Mimosa Pudica leaf has two types of movements, which are identified as thigmonastic and nyctinastic1.
Thigmonastic or also known as seimonastic is a fast movement. Meanwhile,  nyctinastic is a very slow leaf 
movement that is assumed to be controlled by a biological clock which the leaf will open during daytime and then it 
will be closed during the night6. A broadly accepted hypotheses of Mimosa Pudica leaf  mechanism is a abrupt 
turgor loss in the motor cells composing the pulvinus lower part1. It is presumable that after the Mimosa Pudica 
leaves has been stimulate, action potentials occur. A sudden decrease in pulvinus motor cells turgor lead to the rapid 
closing of the leaf7. However there are many assumptions on what trigger the turgor loss. The actual seismonastic 
movement mechanism of Mimosa pudica remains unknown. There are three main hypotheses which have been 
described in8, transmission of a chemical compounds referred to turgorins or leaf movement factors, osmotic 
mechanisms and muscular movements. It is also known that the changes of the ion concentrations in motor cells 
such as potassium cause the osmotic shrinkage of the cells9. Their results are very useful towards understanding the 
movement of Mimosa Pudica leaf and petiole. However, no previous work has been done in term of modeling the 
mechanism of Mimosa Pudica cell in a mechanical structure as biological actuator and sensor.  
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Fig. 1. Mimosa Pudica plant structure 
3.  Simulation Descriptions 
It is possible to simulate the process of main pulvinus bending with a finite element method because the pressure 
difference across the cell wall and the volume of the lumen inside the cell wall shell are just a mechanical problem. 
This method has been used by many researchers in applications related to plants10. The simulations were performed 
with the FEM software ABAQUS 6.10. Solid elements were selected instead of shell elements and the element type 
was set to C3D8I, which means 8-node linear brick incompatible modes. 
Main pulvinus of Mimosa Pudica geometry is based on the previous research11. Three samples used in the 
simulations as the difference of the diameter of these samples is not too small from each other. The material use for 
the main pulvinus model is single linear elastic material with a young’s modulus of 1 x 10 6 Pa (ranges 1 x 104 – 1 x 
108 Pa) and Poisson’s ratio of 0.3 (ranges 0 – 0.5). This two ranges were obtained from Gibson12 which explain the 
mechanical properties of Mimosa Pudica cell wall. The static response of the main pulvinus to a pressure load 
applied over the pulvinus top is examine in this simulation, this is a single event, so only a single analysis step is 
needed for the simulation. 
First, take a look into the bending process of the petiole of Mimosa Pudica plant that consist of main pulvinus 
with the bulging structure near to the stem of the plant3. Figure 2 (a) shows the condition of the main pulvinus 
before stimulation applies while Figure 2 (b) shows the structure of main pulvinus that changed due to the 
stimulation to the plant. This bending process of the motor organ main pulvinus will be examined in this paper to 
obtain stress due to the stimulation. 
                              (a)                             (b) 
main pulvinus petiole 
pinnae 
sub pulvinus 
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Fig. 2. Bending of the petiole is actuated by an increased in turgor pressure and volume in the upper cells (a) before and (b) after mechanical 
stimulation has been given to Mimosa Pudica main pulvinus 
4.  Results and Discussion 
(a) Sample 1 (diameter 1mm)          (b) Sample 2 (diameter 1.2mm)
(c) Sample 3 (diameter 1.6mm) 
Fig. 3. Finite element analysis of Mimosa Pudica main pulvinus movement (a) sample 1, diameter 1mm (b) sample 2, diameter 1.2mm (c) sample 
3, diameter 1.6mm 
Table 1: Stress obtained by three samples of main pulvinus 
Sample of main 
pulvinus 
Diameter (mm) Moment (mNmm) Maximum Mises Stress 
1  1 39 9.011 x 10-4
2 1.2 50 8.042 x 10-4
3 1.6 105 9.500 x 10-4
Fig. 4. Relationship between the diameter of main pulvinus and stress distribution 
The results given by the finite element method simulation shows that diameter of main pulvinus Mimosa Pudica 
give almost the same value of maximum mises stress which 9.011 x 10-4 Pa for Sample 1 (diameter 1mm), 8.042 x 
10-4 Pa for Sample 2 (diameter 1.2mm), and 9.500 x 10-4 Pa for Sample 3 (diameter 1.6mm). Figure 4 illustrates the 
relationship between the diameter of main pulvinus and the stress obtained by the structure.  
Study that has been conducted by Kagawa and Saito4 demonstrates that the diameter of main pulvinus has a great 
impact on the movement mechanism of Mimosa Pudica plant. From the simulation done using finite element 
method, even the moment needed by each samples is different (larger diameter needs larger moment), the stress 
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distribution is almost the same for different value of diameter. In term of stress distribution, the diameter of main 
pulvinus is not a crucial part on this plant movement mechanism. 
5.  Conclusion 
In this study, some simulation of three samples of different size of Mimosa Pudica main pulvinus has been 
executed using Finite Element Method through Abaqus 6.10 platform. The results show that different diameter of 
the main pulvinus give almost the same impact on the stress obtains on the structure. Mimosa pudica shows elastic 
properties, and it is found that electrically or mechanically induced movements of the petiole were accompanied by a 
change of the main pulvinus structure. This result may lead to the design of new material of bioinspired tactile sensor 
that able to detect the information of manipulated objects. For future works, the mechanical properties of the main 
pulvinus needed to be explore. 
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